Diabetes is a disorder of metabolism, the way our bodies use digested food for growth and energy. 1 People of an advanced age or with a family history of diabetes have a higher risk of being diagnosed with type 2 diabetes. 2 Other risk factors, such as being excessively overweight, poor eating habits, and physical inactivity, are preventable. 2 Type 2 or noninsulin-dependent diabetes, a significant cause of adult morbidity and mortality, is being diagnosed more frequently in children and adolescents. 3 Adolescents in whom type 2 diabetes has been diagnosed, as well as their first-degree family members, are often obese. 4 In type 1 diabetes, the body makes little or no insulin, but in type 2, the body makes insulin but cannot use it. The incidence of type 2 diabetes mellitus (DM) is growing rapidly, not only in developed countries but also worldwide.
Calcaneal sonography is a relatively inexpensive means of monitoring bone quality in patients with type 2 diabetes. 5 Dual x-ray absorptiometry (DXA) measures bone density. Quantitative ultrasound (QUS) measures bone quality. QUS measures how the sonographic beam passes through the foot. This is called broadband ultrasonic attenuation (BUA). QUS also measures the speed at which the beam passes through bone. This is called speed of sound (SOS). QUS can tell us about the structure,
Roles of Sonographers in the Management of Diabetes A Proposed Framework
Sonography plays an invaluable role in health care delivery worldwide. In Nigeria, most people involved in the sonography practice are medical imaging scientists (BSc radiographers). Ways in which sonographers can support the management of diabetes are explored in this article.
Key words: diabetes, sonography, imaging scientists, Nigeria elasticity, and strength of bones. Some other indices that could be sonographically assessed, such as gallbladder size and contractility 6 and plantar aponeurosis (PA) and heel pad thickness (HPT), 7 have been noted to vary in diabetic patients. Sugar level is controlled in diabetes because the higher the sugar levels, the higher the tendency for organ damage and peripheral neuropathy. Sonographically assessed serial changes in gallbladder contractility and size, as well as heel pad and PA thickness, could predict morbidity in diabetes. Racial variations in the normal values and dimensions of these organs have been noted, and hence serial and periodic measurement of subjects should be accepted as standards. This article presents a framework for the possible roles that sonographers can play in the management of diabetes.
Materials and Proposed Methods

SONOGRAPHIC ASSESSMENT OF THE GALLBLADDER
Diabetes affects the gallbladder contraction index. 8 Guliter et al. 6 have indicated that there was increased fasting gallbladder volume and impaired ejection fraction in patients with non-insulindependent diabetes mellitus (NIDDM). This may be the initiator of bile stasis in the gallbladder and subsequent cholesterol crystal and stone formation. It is noteworthy that the prevalence of cholelithiasis is two to three times higher in patients with diabetes than in the healthy population. 6 Gallbladder motility (contractility) studies have been performed in Nigeria using the gallbladder emptying rates (GBER) 9 and gallbladder contraction index (ejection fraction). 10 The sonographic images have been produced using a Siemens Sonoline Sl-1 sonographic machine (Siemens Medical Systems, USA Inc, Ultrasound Group, Issaquah, Washington) with a 3.5-MHz sector transducer. The following instructions should be observed: After these steps, the subject is given 165 mL (a tin) of skimmed milk or a standardized fatty meal (SFM) to ingest in sitting position. The length, height, and width measurements are repeated for the subject 20 minutes after milk or SFM ingestion in the same supine position. The gallbladder volumes (pre-and postprandial) are obtained using the ellipsoid equation as described by Zimmermann et al. 11 and Vitti et al. 12 : gallbladder volume = ∏/6 × length × width × height.
The gallbladder contraction index (GBCI) is obtained as a percentage decrement of the postprandial size from the initial size, whereas the GBER is obtained as the change in volume after milk or SFM ingestion divided by 20 minutes. In healthy subjects, ellipsoid gallbladder volume ranges from 14.51 to 30.66 cm 3, 13 whereas gallbladder contractility depends on the cholecystokinetic agent used and the postprandial timing of its assessment. 
SONOGRAPHIC ASSESSMENT OF PLANTAR APONEUROSIS THICKNESS AND HEEL PAD THICKNESS
Sonographic assessments of PAT and HPT have been performed in a Nigerian population with the following instructions: 7 1. Image the patient in prone position on the couch with knees flexed with the ultrasound gel applied generously on the plantar aspect of the foot. 2. A 10-MHz transducer is placed longitudinally over the center of the foot at least 3 cm from the calcaneal insertion of the aponeurosis. 3. Scanning is made longitudinally, with emphasis on the central part of the PAT, which is thicker than other parts. Measure the PAT from its anterior wall to the posterior wall using the machine's built-in caliper (Figure 3 ).
During the measurement of the HPT:
1. The patient lies prone on the couch with leg extended. 2. The ultrasound gel is applied to the surface of the heel, and a transverse scan is performed. 3. The pad is measured from its calcaneal border to the end of the pad (Figure 3 ). Figure 4 presents an image of the plantar aspect of the foot showing the plantar aponeurosis and heel pad. In healthy subjects, the PAT ranges from 1.1 to 2.3 mm, whereas the HPT ranges from 6.2 to 13.0 mm. 7
Conclusion
Diabetes and concomitant changes in gallbladder size, gallbladder contractility, PA, and HPT have been linked in this proposed protocol. All sonographic measurements should be consistent in terms of the patients' positions, transducer positions, and methods of measurements as serial (periodic) sonography would be adopted. There are no preliminary results, but this article has explained a protocol for the serial sonography of PAT, HPT, and gallbladder sizes and contractility that would be necessary in the management protocols for diabetic patients. This is based on documented reports. 6, 7 Serial sonography of the eye (ophthalmic sonography) and calcaneal sonographic analysis of other organs affected by diabete patients could also be useful management tools. Serial sonographic assessment of diabetic patients could show changes that may imply exacerbation or improvement. 
